using modeling, of STN neurons in exhibiting high firing

Motivation: Achieving high CV using fast inhibition:
Subthalamic nuclegs (STN) playg crucial role i_” indirect Here we use Terman et al.’s model to demonstrate how fast inhibitory synaptic input can result in
pathway and contributes to sustained seli-oscillatory high CVs and firing rates. If T-current is turned off, then the neuron slows down with only moderate
mechanism, while displaying high coefficient of varition increase in its CV. The activation of the T-current facilitated faster rate and higher CV.
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We use the well known Terman et al. 2002 model .
Neuroci. 22:2963-2976) that also incorporates low-threshold
calcium current, and Wang and Buzsaki 1996 model .
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Terman et al. 2002 model: Wang and Buzsaki1997 model:
Na™, K

Na™, KT, Ca?T, T, AHP, Leakage

ISI density
o
-]
oy

M T

0 100

| ‘ Speeds
0.02
™\
90 Hz -0 Hz 50 H

200 300 400 500
ISI (Ms)

The coefficient of variation (CV) is shown for
different levels of the maximal conductance of
the T-current (GT) as a function of inhibitory
synaptic drive frequency.

T-current availability (r) increases at high input rates

T-current availability as a parameter

Effect of increasing r, time course:
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rates that the CV can be enhanced signifi-
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TIPS ok [ K Firing rates can be elevated by the presence
Terman et al.’s and Wang and of random synaptic excitatory input, but the CV
Buzsaki’'s models both display still remains small. In fact when the excitatory
type-1 PRCs, and thus in effect input is large, the membrane is depolarized far
/ | ~ respond with similar (but not above the T-current activation window leading
0 025 05 075 * identical) spike time variations to lessening of the T-current effect.
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Here we use Wang and Buzsaki model, and alter phi that alters the time constants
of sodium inactivation and potassium activation. Inhibitory synaptic input timed at
Poisson intervals of different rates is applied. Strong input and large phi both result
in high CV. Increasing phi increases the phase sensitivity at small input phases
and consequently increases the intrinsic oscillation frequency. When inhibitory syn-
aptic input is present, the ISI distribution acquires finite width and long tail. Maxi-
mum growth in the CV as a function of phi occurs when the growth of the firing rate

itself is maximum.

200

150 |-

100 |-

Frequency of oscillation, Hz
CV of ISIs

o)
o
I

inh=0'1)

FR (hion=800 HZ: N
| 0

0) 5 10

¢

lapp=2.0 WA/CM®, Gigy =0

G;,n=0.01 mS/cm?
105 4 0.05

CV of ISls

0 20 40 60 80 100 120

Firing Rate, Hz

The parameter phi is capable of al-
tering the shape and in particular
the skewness of the PRC, and thus
being able to alter the sensitivity of
the model to inputs at various
phases. Higher sensitivity imparted
by bigger values of phi could cause
larger spike time deviations resulting
in higher CV.
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Achieving high CV by altering phase sensitivity:
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0.01 |- A third mechanism to enhance the coefficient of vaia-
tion is to utilize the network properties of the STN
0 . ' and GPe connectivity. T-current dynamics with less
| 200 S oms °%  phase sensitivty as in Terman et al.’s model may also
help increase the CV of the STN neurons.
Conclusions:
T T B Subthalamic neurons require no external input in order for
mg them to exhibit sustained spiking behavior. Such behavior is
= W A markedly different from neurons that would fire in response
0 2 w0 w0 0 am w0 o to cumulative synaptic inputs. Thus the observations in in
e o oot vivo experiments of these neurons exhibiting high levels of
. coefficient of variation (CV) among their interspike intervals
'y Is difficult to explain. We propose two mechanisms under
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] AN RINN WA 1. Fast inhibitory synaptic input: Low threshold calcium
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o WB. Iy =20 WAGTE G015 ST Ay = 041 K elevating their CV while at the same time increasing their
g firing rate.
B NN AIRAANAA A 2. If internal currents could alter the phase sensitivity of the
0 100 200 30 40 S0 €0 700 B0 0 1009 underlying neuron, then a higher CV can be achieved.
0 Wl =20 U, 602 M Ty =029z Higher firing rates can be achieved by using excitatory input.
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